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(54) COVERED CERAMICS CUTTING TOOL AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To provide a cover ceramics cutting tool being excellent in both abrasion 
resistance an din chipping resistance, with hard ceramics as a parent material, and its 
manufacture. 

CONSTITUTION: This cover ceramics cutting tool is equipped with a cover layer consisting of 
an inner cover layer 0.5-1 5^m thick, which is a single layer or plural layers of compounds of 
carbides, nitrides, etc., of Ti, Zr, or Hf provided on the surface side of the parent material of 
hard ceramics by chemical deposition method or AI203 and has tensile residual stress or 
does not have residual stress, and an outer cover layer 0.3-5^m thick, which is a single layer 
or plural layers of compounds of Ti, Zr, or Hf provided on the inner cover layer by physical 
deposition method, AI203, TiAIN, or the like and has compression residual stress. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows th e word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the covering ceramic cutting tool equipped with the 
enveloping layer of the hard ceramics on the base material of the hard ceramics or the fiber 
strengthening hard ceramics, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Although the cutting tool which consists of hard ceramics or fiber 
strengthening hard ceramics is used for cutting, such as a casting, in order to raise a cutting efficiency, it 
is in the inclination to pull up cutting speed conventionally, in recent years. For this reason, the edge-of- 
a-blade temperature of the cutting tool under cutting becomes 800 degrees C or more, the deformation 
and flank wear by the heat of the edge of a blade are promoted, and the life of a cutting tool is falling 
remarkably. 

[0003] Forming in the front face of the ceramic base material of a cutting tool the enveloping layer 
which consists of the monolayer or double layer of the hard ceramics with chemical vapor deposition, 
such as a CVD method, is proposed in order to improve the abrasion resistance of a cutting tool under 
such a situation, for example, so that it may be indicated by JP,56-51049,B etc. As hard ceramics which 
constitutes an enveloping layer, the carbide of 4A group metal of the periodic tables, such as TiC, TiN, 
and TiCN, a nitride, carbon nitride, or aluminum203 grade is common. 

[0004] Since the enveloping layer generally formed with chemical vapor deposition is accompanied by 
diffusion between ceramic base materials, adhesion reinforcement with a base material is very strong, 
therefore the covering ceramic cutting tool which has this enveloping layer excels other things in 
abrasion resistance very much. However, on the other hand, edge-of-a-blade reinforcement fell as 
compared with the ceramic cutting tool which does not have an enveloping layer, and this kind of 
covering ceramic cutting tool had a fault inferior to defect resistance. Although the reason generates the 
deficit at the time of cutting by spreading the front face of an enveloping layer to the ceramics whose 
crack generated as an origin is a base material, since the enveloping layer of the hard ceramics which 
does not contain the binder which covered the front face is lacking in toughness, it was easy to generate 
a crack and the enveloping layer and the base material have stuck it firmly, it is easy to spread the crack 
generated in the enveloping layer to a base material. 

[0005] Moreover, since covering temperature is usually about 1000 degrees C and an elevated 
temperature in the case of chemical vapor deposition, if it cools to an after [ covering ] room 
temperature (about 20 degrees C), according to the difference of the coefficient of thermal expansion of 
a ceramic base material and an enveloping layer, **** residual stress will work to an enveloping layer, 
and this **** residual stress will promote propagation of a crack. Although abrasion resistance improves 
so that, as for being the range of about about ten micrometers, the thickness of the enveloping layer of 
the covering cutting tool currently used for a current general one thickens thickness of an enveloping 
layer from divisor mum, the enveloping layer thicker again from the above-mentioned reason to 
coincidence is because **** residual stress becomes large and defect resistance falls. 
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[0006] On the other hand, raising the abrasion resistance of a cutting tool is proposed by JP, 1-2523 05, A 
by covering inner layers, such as TiC, with chemical vapor deposition on the base material which 
consists of cemented carbide, and covering outer layers, such as TiCN, with physical vapor deposition, 
such as the ion plating method, on this inner layer. However, the cemented carbide of the ceramic 
cutting tool used for ultra high-speed processing to the covering cutting tool of this proposal being the 
cemented carbide the base material excelled [ cemented carbide ] in toughness, and being what aims at 
improvement in a stable life of the tool in the rough cutting application of an inside high speed is a 
brittle material with which the conditions of cutting completely differ. 

[0007] Therefore, if the defect resistance of the hard ceramic enveloping layer formed with chemical 
vapor deposition on the ceramic base material can be raised The covering ceramic cutting tool equipped 
with the abrasion resistance which was excellent in this enveloping layer original, and the cutting 
property which was further superior to before conjointly is obtained. Also in cutting to which a load is 
carried out and high speed cutting of intermittent loads, such as the processing field whose deficit of the 
edge of a blade there were and was not practical by the conventional of-the-same-kind ceramic tool, for 
example, milling, and a cutting process by turning of material with a slot, or cutting of high delivery 
[ very many ] It becomes possible to be stabilized, to be able to use it or to carry out improvement in an 
improvement of the tool life. 
[0008] 

[Problem(s) to be Solved by the Invention] It aims at offering the covering ceramic cutting tool excellent 
in wear-resistant and defect resistant both, and offering the manufacture approach by improving the 
defect resistant fall which was not avoided conventionally by this invention's forming the enveloping 
layer of the hard ceramics in the base material of the hard ceramics or the fiber strengthening hard 
ceramics in view of this conventional situation, and giving the good abrasion resistance by the 
enveloping layer to a ceramic base material, and preparing an enveloping layer. 
[0009] 

[Means for Solving the Problem] In the covering ceramic cutting tool which prepared the hard 
enveloping layer on the front face of the base material which consists of hard ceramics of this invention, 
or fiber strengthening hard ceramics in order to attain the above-mentioned purpose Said hard 
enveloping layer in the carbide of Ti, Zr, and Hf which were prepared in the base material front-face 
side, a nitride, carbon nitride, a carbonation object, a carbonic acid nitride, a HOU nitride, HOU carbon 
nitride and the monolayer chosen from at least one sort of aluminum 203, or a double layer The inside 
enveloping layer which has the **** residual stress whose thickness is 0.5-15 micrometers, or does not 
have residual stress, In the monolayer or double layer chosen from at least one sort of the carbide of Ti, 
Zr, and Hf which were prepared on the inside enveloping layer, a nitride, carbon nitride, a carbonation 
object, a carbonic acid nitride and aluminum 203, titanium nitride aluminum, and acid titanium nitride 
aluminum Thickness is characterized by consisting of an outside enveloping layer which has 
compressive residual stress which is 0.3-5 micrometers. 

[0010] Moreover, it sets to the manufacture approach of the covering ceramic cutting tool of this 
invention. On the front face of the base material which consists of hard ceramics or fiber strengthening 
hard ceramics with chemical vapor deposition In the carbide of Ti, Zr, and Hf, a nitride, carbon nitride, a 
carbonation object, a carbonic acid nitride, a HOU nitride, HOU carbon nitride and the monolayer 
chosen from at least one sort of aluminum 203, or a double layer After thickness forms the inside 
enveloping layer which is 0.5-15 micrometers and cools the whole to a room temperature, On an inside 
enveloping layer, with physical vapor deposition, the carbide of Ti, Zr, and Hf, Thickness is 
characterized by forming the outside enveloping layer which is 0.3-5 micrometers in the monolayer or 
double layer chosen from at least one sort of a nitride, carbon nitride, a carbonation object, a carbonic 
acid nitride and aluminum 203, titanium nitride aluminum, and acid titanium nitride aluminum. 
[001 1] In addition, although the hard ceramics or fiber strengthening hard ceramics which is well-known 
in the field concerned, or is usually used for it from the former is sufficient as the base material in the 
covering ceramic cutting tool of this invention, the hard ceramics which makes a subject titanium 
compounds, such as silicon nitride, an alumina or titanium carbide, and titanium nitride, especially, or 
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its fiber strengthening hard ceramics which made these distribute strengthening fiber, such as silicon 

carbide, is desirable. 

[0012] 

[Function] Since the disruptive strength of an enveloping layer is inferior with 3/2 about 4 MN/m with 
aluminum 203 to the disruptive strength of the ceramics which is usually a base material being about 
3/2 7-8 MN/m with for example, Si3N4 system or the fiber strengthening aluminum203 system 
ceramics when an enveloping layer is formed in the hard ceramics or fiber strengthening hard ceramics 
which is a base material with chemical vapor deposition, although an enveloping layer is a thin film, 
some fall on the strength is not escaped. 

[0013] Moreover, to the coefficient of thermal expansion of the ceramics which is a base material being 
about 3.0xlO-6K-l for example, with the Si3N4 system ceramics, if TiC cools to a room temperature 
after enveloping layer formation from the covering temperature of about 1000 degrees C at the time of 
forming an enveloping layer with chemical vapor deposition with abbreviation 7.9x1 0-6K-1 since 
abbreviation 7.6xlO-6K-l and aluminum 203 are large, tensile stress will generate the coefficient of 
thermal expansion of an enveloping layer in an enveloping layer. Usually, since this stress exceeds the 
disruptive strength of an enveloping layer, a crack with an average spacing of 100-400 micrometers 
occurs in an enveloping layer, and a part of stress is released. However, in addition, distortion of 0.5 - 
l.OGPa extent usually remains to an enveloping layer, and this promotes propagation of the crack at the 
time of cutting. 

[0014] So, in this invention, it uses that the compressive stress of 1 .5 - 2.0GPa extent generally remains 
for the enveloping layer of the hard ceramics formed with physical vapor deposition, such as the ion 
plating method. By preparing the outside enveloping layer which has compressive residual stress further 
formed with physical vapor deposition on the inside enveloping layer which has the **** residual stress 
formed on the base material with chemical vapor deposition like the above, or does not have residual 
stress The **** residual stress of an inside enveloping layer is negated, and it was made for moderate 
compressive stress to remain by the whole enveloping layer. 

[0015] Are from the monolayer or double layer of TiC or aluminum203 grade on the base material 
front-face side of the ceramics, and the inside enveloping layer whose thickness is 0.5-15 micrometers is 
specifically formed with chemical vapor deposition. If it consists of a monolayer or double layers, such 
as TiN and TiCN, with physical vapor deposition and thickness forms an outside enveloping layer 0.3 
micrometers or more on the inside enveloping layer after cooling the whole to a room temperature and 
making an inside enveloping layer generate a crack Each residual stress of an inside enveloping layer 
and an outside enveloping layer negated each other, it could check that compressive stress remains to the 
whole enveloping layer as a result according to the X diffraction, and the range of 0.2-2.0GPa was found 
by that this compressive stress that remains is desirable. 

[0016] Thus, it became possible to raise the defect resistance of an enveloping layer by adjusting the 
residual stress of an inside enveloping layer and an outside enveloping layer, and the covering ceramic 
cutting tool which raised sharply the defect resistance of a cutting edge and chipping-proof nature in 
cutting to coincidence was able to be obtained, holding good adhesion with a ceramic base material, and 
the outstanding abrasion resistance as a result. However, if the thickness of an outside enveloping layer 
exceeds 5 micrometers, since defect resistant improvement will decrease from the total thickness 
becoming thick too much, the thickness of an outside enveloping layer has the desirable range of 0.3-5 .0 
micrometers. 
[0017] 

[Example] After having prepared the base material of the cutting-tool configuration of a part number 
SNGN432 which consists of hard ceramics of the presentation shown in the following table 1, forming 
in the base material front face the inside enveloping layer of the monolayer shown in Table 1 on 
condition that usual with a well-known CVD method, or a double layer and cooling the whole to a room 
temperature, the **** residual stress of an inside enveloping layer was measured according to the X 
diffraction. Next, the outside enveloping layer of the monolayer shown in Table 1 on condition that 
usual with well-known physical vapor deposition or a double layer was formed on the inside enveloping 
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layer, and the compressive residual stress of the whole enveloping layer was measured similarly. 

[0018] 

[Table 1] 

Mother Material Group ** An inside enveloping layer and thickness An outside enveloping layer and a 
thickness sample (wt%) Base material -> (micrometer) -> outside (micrometer) 1 Si3N 4-5 Y203 
TiCN/aluminum203/TiN TiN/TiCN/TiN - 2aluminum 203 0.3 1.0 0.3 0.5 1.0 0.5 2 TiC-30aluminum 
203 TiCO/aluminum 203 TiAIN 0.5 2.0 5.0 3aluminum2O3-30TiC 203/TiC TiC/TiN of aluminum 0.3 
0.2 0.3 0.3 4 aluminum203-8Zr02 aluminum203/HfC TiC/TiCN/TiN -28SiC whisker 1.0 2.0 0.5 1.0 
0.3 203/TiCNOATiCN of 5aluminum203 aluminum TiN 0.2 0.5 0.5 0.3 6 aluminum203-5Zr02 
ZrC/TiC TiCN/TiC/TiN 2.0 1.0 0.3 0.3 0.3 7aluminum203-5Zr02 ZrCO/ZrCN/ZrN ZrN/ZrCN/ZrC 3.0 
10.02.0 1.0 1.0 1.0 8 Si3N 4-5Y203 HfCN/HfBCN/HfBN/aluminum203 HfCO/HfCNO/HfCN/HfN - 
2aluminum 203 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.1 9* aluminum203-5Zr02 ZrCNO/ZrCN/ZrN TiAlON 3.0 
11.0 2.0 5.5 10* 203/HfCNO/HfN of aluminum2O3-30TiC aluminum TiAINO 0.1 0.1 0.1 The samples 
9 and 10 which attached 0.2(notes) * are the examples of a comparison (it is below the same). 
[0019] Moreover, the **** residual stress of the inside enveloping layer measured about each sample of 
the above-mentioned table 1 and the compressive residual stress of the whole enveloping layer were 
enumerated to Table 2. 
[Table 2] 

1 LOGPa 0.2GPa 

2 0.5GPa 0.9GPa 

3 0.3GPa 0.2GPa 

4 0.5GPa 0.2GPa 

5 0 0.4GPa 

6 0.3GPa 0.9GPa 

7 LOGPa 0.2GPa 

8 0.3GPa 0.2GPa 
9* LOGPa 0.4GPa 

10* 0 O.lGPa 

[0020] About each obtained covering ceramic cutting tool, the cutting conditions of the ultra high-speed 
or heavy load shown below estimated cutting-ability ability, respectively, and the result was shown in 
Table 3. 

********** ** Material: FC25 cutting speed: 800m/min 
** **: 0.3 mm/rev 

OFF ** See. : 1.0mm OFF ** Oil: Dry type life judging: Time amount (min) which amounts to 
VB=0.2mm 

********** ** Material: Material with FC25 slot (they are four slots on the longitudinal direction to 
periphery good spacing) 
Cutting speed: 500 m/min 
** **: 0.8 mm/rev 

OFF ** See. : 1 0mm OFF ** Oil: Dry type life judging: Time amount (min) to chipping generating 
[0021] In Table 3, as the samples 1-8 of the example of this invention, and an example of a comparison, 
in addition, the thickness of an enveloping layer besides the samples 9 and 10 (an enveloping layer is 
displayed as CVD+PVD) with this invention out of range The example which does not have an 
enveloping layer only at the ceramic base material of each samples 1-10 of Table 1, the example of the 
CVD enveloping layer which similarly prepared only the inside enveloping layer of Table 1 in each 
ceramic base material of Table 1, And similarly the result of having evaluated cutting-ability ability like 
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the above was doubled and shown in each ceramic base material of Table 1 about the example of the 
PVD enveloping layer which prepared only the outside enveloping layer of Table 1. 
[0022] 
[Table 3] 

CVD+PVD With no enveloping layer CVD enveloping layer PVD enveloping layer sample Antifriction 
Deficit-proof Antifriction Deficit-proof Antifriction Deficit-proof Antifriction Deficit-proof 1 8 22 3 20 
6 10 3.5 17 2 14 10 9 6 12 3 8 10 3 13 9 10 6 11 4 10 8 4 14 15 6 11 11 4 8 12 5 17 312 2 15 112 2 6 
1310 8 7 11 3 98 7 198 87 16 4 10 98 825 3 20 6 12 3.5 18 9* 214 8 7 19 0.5 156 10*10.5 6 10 610 4 
10 the numeric value of the evaluation in 8 (notes) abrasion resistance and defect resistance is shown in 
the life judging of said cutting conditions — as ~ a part (min) - it is . 

[0023] It turns out that it is inferior to defect resistance although the covering ceramic cutting tool which 
has a CVD enveloping layer from the result of Table 3 compared with the usual ceramic cutting tool 
without an enveloping layer is excellent in abrasion resistance, and wear-resistant and defect resistant 
both of the covering ceramic cutting tool of the example of this invention are improving to coincidence 
to whether the covering ceramic cutting tool which has a PVD enveloping layer is equivalent also to 
abrasion resistance and defect resistance, and being inferior. 
[0024] 

[Effect of the Invention] The inside enveloping layer which has moderately the **** residual stress 
formed by chemical vapor deposition as an enveloping layer to a ceramic base material according to this 
invention, Since the laminating of the outside enveloping layer which has compressive residual stress 
formed by physical vapor deposition on the inside enveloping layer has been carried out By the residual 
of the suitable compressive stress in the outstanding whole adhesion reinforcement and the outstanding 
whole enveloping layer to the ceramic base material of an inside enveloping layer, while it has the 
outstanding abrasion resistance, the covering ceramic cutting tool which raised defect resistance sharply 
can be offered. 

[0025] Therefore, according to the covering ceramic cutting tool of this invention, also in cutting to 
which a load is carried out and high speed cutting of intermittent loads, such as the cutting conditions 
which were difficult to apply, for example, milling, and a cutting process by turning of material with a 
slot, or cutting of high delivery, a tool life becomes long, and can stabilize and use it with the 
conventional ceramic cutting tool. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the covering ceramic cutting tool which prepared the hard enveloping layer on the front 
face of the base material which consists of hard ceramics or fiber strengthening hard ceramics Said hard 
enveloping layer in the carbide of Ti, Zr, and Hf which were prepared in the base material front-face 
side, a nitride, carbon nitride, a carbonation object, a carbonic acid nitride, a HOU nitride, HOU carbon 
nitride and the monolayer chosen from at least one sort of aluminum 203, or a double layer The inside 
enveloping layer which has the **** residual stress whose thickness is 0.5-15 micrometers, or does not 
have residual stress, In the monolayer or double layer chosen from at least one sort of the carbide of Ti, 
Zr, and Hf which were prepared on the inside enveloping layer, a nitride, carbon nitride, a carbonation 
object, a carbonic acid nitride and aluminum 203, titanium nitride aluminum, and acid titanium nitride 
aluminum The covering ceramic cutting tool characterized by consisting of an outside enveloping layer 
which has compressive residual stress whose thickness is 0.3-5 micrometers. 
[Claim 2] The covering ceramic cutting tool according to claim 1 characterized by the compressive 
stress of 0.2-2.0GPa remaining by the whole enveloping layer which consists of an inside enveloping 
layer and an outside enveloping layer. 

[Claim 3] On the base material front face which consists of hard ceramics or fiber strengthening hard 
ceramics with chemical vapor deposition In the carbide of Ti, Zr, and Hf, a nitride, carbon nitride, a 
carbonation object, a carbonic acid nitride, a HOU nitride, HOU carbon nitride and the monolayer 
chosen from at least one sort of aluminum 203, or a double layer After thickness forms the inside 
enveloping layer which is 0.5-15 micrometers and cools the whole to a room temperature, On an inside 
enveloping layer, with physical vapor deposition, the carbide of Ti, Zr, and Hf, In the monolayer or 
double layer chosen from at least one sort of a nitride, carbon nitride, a carbonation object, a carbonic 
acid nitride and aluminum 203, titanium nitride aluminum, and acid titanium nitride aluminum The 
manufacture approach of the covering ceramic cutting tool characterized by forming the outside 
enveloping layer whose thickness is 0.3-5 micrometers. 



[Translation done] 
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wo . 3- 5 u moimmf&ji £*rr smbhssw 
[ o o i o i ^mwmsM? s -/ ?xm/tt.m<D 

^XXJiaSNt3fi-fc®M-fe^ 5 -y ^X*^yj:SS*f^BP 
±fc, Ti, Zr. Hf<0Ktt, Mfcife. 

va 1 20 3 <7yj?%< 1 1, i aa^mmtJtuf xttms 

X\ mmtfO. 5-1 5xim<0rtffllttSB^j£L. £ 

«^±tc t i . z r . Hf^m m.im. &mtt. 

lS*»4»Stftl^m«XJiSS-C. &Ji#0.3-5;u 

[ 0 0 1 1 ] *mfrffll*? 5 y ?XflJB'lIJIC 
fcft£ft*«i. tfcfo&^SM^fc^T&DXaMft 
&ffl$*VCV^$®4r7 S >y ^XXJi8«iSSKfcS®-t7 

ojMtf-^ y*m<t+? ymni-? t -r 

tinmu&miZ ttrnmntm* ? 5 y ?xm* 

[00 12] 

[fWfl] 5 -y ?XXI±iitt3$Hb«m 

•fe^ $ «y rxiziummmmizx *)wm*msLLiz% 



(3) #g§¥5-17 74 12 

4 

il^ttft«T*S-fe7 5 -y ?X^i8&g£»mtf 
S i3N4^ J ^a^-ftAl203*-fe75'y^X-C7~8 
MN/m3/imgT*>&c0tWtT. H!Si^W 
«0U<f A 1 20 3 T»4MN/m3/2i:^->TV^S<y) 

1 0 0 1 3 ] x. s^ras*? $ vvxe&aswm. 

\mxMS isNiX-b^S -y^T3. Ox 1 0- 6 K-» 

10 iC#*«>7.6X10- 6 K-i&tfA 1203*^7.9X1 
0-6 K- 1 biz* V <t1^«rC«aJI£«j£t 

«itfttdffiUEtti o o ora^»?w«&£&fc£ia£ 

1 0 0-4 0 0 jumOmatfUtU «^J^)-g|5*«J)?tt 
L*»U a^ittSSt^feO. 5-1 . 0GP 

[oo 1 4 j -ei-c*i6BB-e«, -r *y7i/-f-< 

20 ffi^O««^|«ffit i 0»«L^®S-b5 5 v?X<7) 
WBBfcJiHWC 1 • 5-2 . 0 GP agjgcOffiigJfcW 

s&ts i t mm l . ±^cor b < tttmRsmz*. 
ijznL%\wwffimco±^ mizwmmmmiz* 

[0015] ftflsWfctt, 5 y ^X<OS»*Hfflfc 

t i c^a i zOsmnsmxiifflafrttvimwo . 
30 5—i 3n m(nnm.w& ztt&mm&tz £ r> m& 
t. ^zm&tT&iiiLxftmmmiz&mzm.z 
tt®. zntommmcotizmmsmmmtzxyT i 
n^t i c Nm<?>w3x&wafrt>% oiss^o . 3 *t 

&*tzimmtfffltthz:btfmmtzx net 

£<O*t©1-£ffii8JS;Wi0.2-2.0GPatf>Kffl 

[0016] ^coat^iasaifcii-iaffiaJico^sK 

40 ^5:SS^SC:i:{cJ:0. »Sl^)il8^ttS:|6)±S-fr 
|6]±$-«:tt[a-b5 5 -y txWfflXMZfth Z bWft& 

9mmmcomtf5umZMz.&b. m. 

^r&W. ^ffi9»S®^^±0.3-5.0/zmOSiB 
[0017] 

50 [|QS0|] Tie^ 1 iZvk-m&O&M-ty 5 «y ^Xd*^ 



(4) 



mmw-s-i 77412 



felt:. 
[0018] 

[*i] 





s tt a * 

Hr- 11 >fH MA* 






Ma 


(wt%) 


fkfct— ► (urn) 


— ►❖Uffl ( ju m) 

✓ 1 IXJ V/-* "1/ 


i 

A 


SiaN* — 5Y?0s 


TiCN/Ahfti/'TiN 

1 rUiU)/ 1 111 


TiN/TiCN/TiN 

1 1 M/ 1 1 vH/ 1 1 11 




— 2Ah(fe 


0 3 10 0 3 


0 5 10 0 5 


9 


1 1L 3U/U2U3 


Tim /A1 *fV> 
1 1LU/ A12UQ 


Ti AIM 
1 IAIN 






0.5 2.0 


5.0 


3 


AhOb-30TiC 


Ahfc/TiC 


TiC/TiN 






0.3 0.2 


0.3 0.3 


4 


AI2Q3-8Z1-O2 


AhOa/HfC 


TiC/TiCN/TiN 




-28SiCMtfr- 


1.0 2.0 


0.5 1.0 0.3 


5 


Ahfc 


AhOa/TiCNO/TiCN 


TiN 






0.2 0.5 0.5 


0.3 


6 


Ah[fe-5Zr02 


ZrC/TiC 


TiCN/TiC/TiN 






2.0 1.0 


0.3 0.3 0.3 


7 


Ah(b-5Zrll2 


ZrCO/ZrCN/ZrN 


ZrN/ZrCN/ZrC 






3.0 10.0 2.0 


1.0 1.0 1.0 



9* 



10* 



Si3N4-5Y 2 Q3 

-2Ah(fe 

Ah(l3-5Zr02 



Hf CN/KfBCN/UfBN/Al 2 Q3 HfCD/HfCNO/HfCN/ttfN 



AhQ3-30TiC 

0.1 0.1 

*^f+L^im9i: 1 o\xmM?t>& (arm 



0.1 0.2 0.1 0.1 

ZrCNO/ZrCN/ZrN 
3.0 11.0 2.0 
AhOa/HfCNO/HfN 
0.1 



t) . 

[0 0 19JX. J«lcO#smfcov»T8I^Lfcrt 
[*2] 

LOGPa 



30 



i* 0 

« 91 ?a 



0.1 0.1 0.2 0.1 

TiAlON 
5.5 

TiAINO 
0.2 

800m/min. 

0. 3mm/r e v . 

1 . Omm 



3 
4 
5 
6 
7 
8 

9* 
10* 



O.SGPa 
0.3GPa 
0. SGPa 
0 

0.3GPa 
LOGPa 
0.3GPa 
LOGPa 
0 



0.2GPa 
0.9GPa 
0.2GPa 
O.OTa 
0.4GPa 
0.9GPa 
0.2GPa 
O.OTa 
0.4GPa 
O.lGPa 



|Sj<9if4#) 



40 



[0021] 



VB = 0.2mm(C^r^^ (mi n) 

fc 2 smmtt wmimmmiz&t* 

5 0 0 m/m in. 

0. 8mm/r e v. 

1 . Omm 

^>yfy^^±^T'O^S (mi n) 



[0020] %t>tlfz&mt* y^ v9 XflJHijXftto 
mm ft: FC25 ^50 



VI 0 («S«£CVD + PVDfc^) * 

1 CO^ISS 1 - 1 0 CO* y $ *y ? 

fcv^L Rt<«l^#-fe^S^^xif»t^l^rtfflj 

7^X«fffc^l0^fflfiS^^^2:^t^ 
[0022] 



(5) 



^18^5-177412 



8 



[313] 

CVD+PVD tfflJ3%l 

m mm mm mm mm 

1 & 22 3 20 

2 14 10 9 6 

3 13 9 10 6 

4 14 15 6 11 

5 17 3 12 2 

6 13 10 8 7 

7 19 8 8 7 

8 8 25 3 20 
9* 21 4 8 7 

10* 10.5 6 10 6 

(a) mmm&tmm&tw&mmw&mtwi 

*ffi<\&&<rm&mfelZ5K-tZt<ft (m i n) X°$>t. 

[oo23] g*3<o*£*a^ mmoz^imo*:? 

■ty $ y fxm&mmmmszmizimmmz 

mgm&tmzsmt^mwir&zwknLx. * 20 
mm<mm*7 s 7 *fljBiijui6«B§tti: » 

[0024] 

[f&<51<7)$&S] *fHHfc:J:;h.tr, rtXffit'W 



CVDSSl pvdssi 

mm. mm mm mm 

6 10 3.5 17 

12 3 8 10 

11 4 10 8 

11 4 8 12 

15 1 12 2 
11 3 9 8 

16 4 10 9 
6 12 3.5 18 

19 0.5 15 6 
10 4 10 8 

[0025] fiH-c, *mim.mty$ v ^xma. 
meb^tivmm. mmyy-f xtai^mmm 



